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Abstract 

Background: attention Deficit Hyperactivity Disorder (ADHD) is one of the most common 
neuropsychiatric disorder that affects children and young adults and cause significant functional 
impairment. Although there are effective medications and psychobehavioural therapies that help with 
management of ADHD, the medications can have significant side effects, which limit their use. There 
is need to explore other treatment options. transcranial magnetic stimulation (TMS) and repetitive 
transcranial magnetic stimulation (rTMS) are recent safe and non-invasive investigative and therapeutic 
tools. Aim of the work: to study the effect of repetitive transcranial magnetic stimulation on a sample 
of children with Attention-Deficit/Hyperactivity Disorder. Methods: the sample was consisted of (35) 
child; their ages were ranged from 6 to 12 years old after diagnosed clinically according to DSM-5 
through a designed semi structured interview and through application of Conner’s teacher-28 and 
parent-48 rating scales as ADHD combined type. Females were (11) children with percentage 31.4%, 
while males were (24) children with percentage 68.6%. All patients on the sample were not receiving 
any medical or behavioral therapy for ADHD. Results: means scores of inattention, hyperactivity and 
impulsivity were reduced significantly in the post 5 days and 2 weeks follow up (P-values < 0.001), 
started to rise again in its evaluation after 4 weeks but not reaching its values before rTMS sessions. the 
percentage of severe cases in each scale category was dramatically decreased immediately and 2 weeks 
after rTMS sessions and started to rise again in its evaluation after 4 weeks but to lower percent than 
before rTMS sessions (70%, 100% and 60% had severe inattention, hyperactivity and impulsivity 
respectively before rTMS, reduced to 0%, 0%, 10% immediately and 2 weeks after rTMS but increased 
to (20%, 40% and 40%) after 4 weeks. no patient experienced any significant adverse effects during the 
study, except 3 children reported mild headache that resolved spontaneously within an hour without 
medication. Conclusion: this study concluded that r TMS over left dorso-lateral prefrontal cortex may be safe 
and effective way of providing relatively lasting relief of ADHD symptoms especially in children with severe 
symptoms. 
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Introduction 

Attention Deficit/Hyperactivity ADHD is a multifactorial disorder 
Disorder (ADHD) is the most common associated with environmental and genetic 
neurobehavioral disorder during childhood that factors ®. Dopamine alteration is believed to be 
affects 5-12% in school age children. Male to the main neurochemical underlying its patho- 
female ratio is around 3:1 in children & physiology © and deficient inhibitory control is 
adolescents. Approximately 8-10% of males & the characteristic of children with this disorder. 
3-4 % of females under the age of 18 suffer Based on these facts, brain stimulants are, to 
from ADHD ™. Prospective study show ADHD date, the most successful as well as the most 
symptoms continue in 60% of the children who controversial therapy employed. Despite the 
has this disorder even after their puberty ®. enormous amount of research done, clinicians 
According to the Fifth Edition of American and parents are eagerly waiting for additional 
Psychiatric Association’s Diagnostic Statistical and better therapeutic options. 
Manual of mental disorders (DSM 5), ADHD is Studies show that other psychiatric 
defined as developmentally inappropriate disorders are more common in ADHD patients 
levels of inattention, hyperactivity, and/or such as anxiety disorders, mood disorders, 
impulsivity which result in functional impulse control disorder, substance abuse, 
impairments in multiple settings, thus affects personality disorders especially antisocial 
family, academic and social aspects ®. personality and learning disabilities. And some 
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of these disorders are duo to direct reflection to 
ADHD and other disorders has the same risk 
factors as ADHD ®- One of the most common 
comorbid disorders with ADHD is conduct 
disorder and these children have both ADHD 
and conduct disorder are more susceptible to 
get more psychiatric disorders that affect their 
whole life like drug abuse and disturbed 
behavior more than ADHD children and control 


sample ”. 
Studies have shown that the left 
hemisphere is involved in attentional 


dysfunction in children with ADHD with 
decreased activation of the left Dorsolateral 
Prefrontal Cortex (middle frontal gyrus, BA 46, 
9, 8), superior parietal cortex (postcentral 
gyrus, BA 6, 4, 2, 1, 7), and subcortical 
structures involved in fronto-striatal loops ®. 
Hyperactivity, a common feature of ADHD, 
particularly in children, has been shown to be 
related to abnormalities in the motor systems 
such as poor motor inhibition. Reduced activity 
in primary motor cortex (BA4) as well as in 
sensory cortex during simple motor tasks in 
ADHD patients has been reported ©. 
Impulsivity is related to changes in reward 
processing and behavioral inhibition. Failure of 
these processes is manifested as impulsivity. 
fMRI studies have shown decreased activation 
of the right inferior frontal gyrus, right 
supplementary motor area (BA6) and anterior 
cingulate (BA 32), right fusiform gyrus (BA 
19), left caudate head, and right thalamus 
during motor inhibition tasks (Go-NoGo or 
Stop signal tasks) in ADHD patients “. 


Magnetic stimulation is a recent and 
powerful non-invasive tool developed for 
studying the nervous system. It is believed that 
rTMS affects gene expression “”, neuronal 
plasticity, dopamine release "”, and release of 
endogenous opioids 9, It is also currently 
being used to treat brain diseases, improving 
functional deficits and achieving promising 
results in recent years “), It is a useful tool that 
increases our understanding of ADHD patho- 
physiology “* ©- Dorsolateral prefrontal 
cortex (DLPFC) is believed to be highly 
involved in the pathophysiology of ADHD. 
There seem at least three distinct circuits to be 
involved of in ADHD patho-physiology: lateral 
attentional network, medial reward-related 
network, and fronto-cerebellar time-processing 
network 9”. 
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Based on previously mentioned 
functional neuroanatomy, potential accessible 
candidate targets for r TMS are represented by 
dorsolateral prefrontal cortex, ventrolateral 
prefrontal cortex, inferior frontal gyrus, dorsal 
parts of supplementary motor cortex, and 
cerebellum. Modulation of dorsolateral 
prefrontal cortex may lead to changes of 
attention, working memory, and executive 
functions and through the top-down regulations 
it may exert effects on emotional dysregulation 
symptoms, and impulsivity. Inferior frontal 
gyrus stimulation may lead to changes in 
behavioral inhibition and time processing. 
Cerebellar stimulation may affects time 
processing, cognitive functioning, and may be 
the affective symptoms of ADHD “® and we 
expect that if the rTMS effects on the 
dopaminergic system found in normal 
individuals can be replicated in ADHD patients 
09 it could be the first step in offering new hope 
to patients, researchers and clinicians in the 
treatment of ADHD. 


Aim of the work: to study the effect of 
repetitive transcranial magnetic stimulation on 
a sample of children with Attention- 
Deficit/Hyperactivity Disorder who attended to 
Al-Azhar university specialized hospital, in the 
period from January 2018 to June 2018. 
Patients and Methods 

This prospective study was conducted at 
Al-Azhar University specialized hospital (Bab 
Al Shearia hospital) where (35) child, were 
chosen randomly who came to Psychiatry clinic 
in Bab Al Shearia hospital, Al-Azhar university 
in the period from January 2018 to June 2018 to 
seek medical help and to complain about some 
behavioral and study problems and their age 
were range from 6 to 12 years old. After 
diagnosed clinically according to DSM-5 
through a designed semi structured interview 
and through application of Conner’s teacher-28, 
parent-48 rating scales °° as ADHD combined 
type patients. And female children were (11) 
children with percentage 31.4%, while male 
children were (24) children with percentage 
68.6%. All patients on the sample are not 
receiving any medical or behavioral therapy for 
ADHD. All patients’ parents signed an 
informed written consent after explanation of 
the aim of the study and the study details and 
possible side effects. The study was approved 
by the Ethics Board of Al-Azhar University. 
Included children were subjected to 3 stages: 
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First stage: 

a- Full medical and psychiatric history in 
order to pick up and diagnose children 
with ADHD clinically according to 
DSM-5 through a designed semi 
structured interview . 

b- Complete physical and neurological 
examination. 

c- Conner’s rating scale will be used to 
assess the severity of ADHD. 

Second stage: 

Application of transcranial magnetic 
stimulation: They received rTMS over the Left 
Dorso-lateral prefrontal cortex (DL-PFC), at 
low frequency 1 Hz and intensity 80% of motor 
threshold (10 trains x 10 sec, at one-minute 
interval) every day for five consecutive days. 
Symptom scores were assessed using Conners 
Teacher-28 Parent-48 Rating Scales ® before, 
after the 5th rTMS session, 2 weeks and 4 
weeks after the last session. 

Severity of symptoms was classified 
according to Conners Teacher-28 Parent-48 
Rating Scales @ into two degrees: mild to 
moderate (66-70) and severe (above 70). Below 
66 was considered normal. 

Third stage: 

Reassess severity of ADHD symptoms 
by Conner’s rating scales after the fifth session, 
2 weeks and 4 weeks from the fifth session. 
Inclusion criteria included the following: 

The age range was 6-12years, both sexes 
were included, diagnosed as ADHD patients by the 


previously mentioned tools, all patients’ parents 
signed an informed written consent after 
explanation of the aim of the study and the 
study details and possible side effects, all 
patients are not receiving any medical or 
behavioral therapy for ADHD and all patients 
Are ADHD patients combined type. 

Exclusion criteria included the following: 
Children with epilepsy, past or family history of 
seizures, Children with history of brain lesions 
(post traumatic or any pathology) who may 
have a lower seizure threshold, Children with 
any other psychiatric or neurological disease, 
Children with intracranial metallic or magnetic 
pieces, Children with implanted medication 
pump, intra-cardiac line or sever cardiac 
disease. 

Ethical and approval considerations: 

Oral and written consent was taken from 
parents of children taking into considerations 
maintaining the confidentiality of the data, 
consenting to visual footage, publications and 
most importantly acknowledgement of the 
potential side effects. And approval of 
psychiatry department in Bab Al Shearia 
hospital, Al-Azhar University also was taken to 
do the research. 

Statistical analysis: 

All data were collected and analyzed using SPSS 
program 20 edition using t-test and chi square, p- 
value is considered significant < 0.05. 

Results 


Table (1): Comparison between means scores of in attention (at base, after fifth session, 2 wks. 


and 4 wks. after fifth TMS sessions): 







































































2M At base | After Fifth session | 2 wks. after fifth session | 4 wks, After sesin | ANOVA 
Ve a r i a b Ies- (NH a ASII (N = (N = 35)/](N = 35) | p-value 
M 73 .00/;]5 8 
e a n 5 7.9 5)/65.11 < 0.001% 
Means scores 
+ S D|4 7 6/5 6 . 4 9 
6 3 8 
Mild to moderate | N = 14|N = N = 3 2|N=27 
% < 0.001* 
lo 4 0 % |94. 9 1 4 % 717.1% 
Severity N= 2 11N _ N - 31N _ 8 
Srey emre 
< 0.001* 
% 6 0 % |5 8 6 %\22.9% 
































Table no. (1) Shows: Highly statistical significant difference (p-value < 0.001) between means scores 
of inattention (at base, after fifth session, 2wks. After fifth session and 4 wks. After fifth session). 
Percentage of severe cases was dramatically decreased immediately and 2 wks. After r TMS session 
and start to rise again 4wks. After the fifth session of r TMS but to lower percent than before r TMS 


sessions (60%, 5.7%, 8.6%, 22.9%) respectively. 
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Table (2): Comparison between means scores of hyperactivity (at base, after fifth session, 2 wks. 


and 4 wks. after fifth TMS sessions): 






























































Se At base | After Fifth session | 2 wks, after fifth session e Na ANOVA 
Varia bles (GING =a S259) a Nee) | NEESS) (N = 35) p-value 
Meanjs72.29/)55.69/|/5 2.8 6 
Means scores eae < 0.001* 
+ S D | 3 9 4/6 7 4) 6 7 7 6 61 
Mild to moderate | N = 9N = 3 5|N = 3 5|N=3 1 
< 0.001* 
r X % 25.7%\|\100 %/)/1 00 % 88.6 % 
vm [S eyere N = 2 6|N = O|N = O|N = 4 
< 0.001* 
% 74.3%) 0 % | 0 % 11.4% 


























Table no. (2) Shows: Highly statistical significant difference (p-value < 0.001) between means scores 
of hyperactivity (at base, after fifth session, 2wks. After fifth session and 4 wks. After fifth session). 
Percentage of severe cases was dramatically decreased immediately and 2 wks. After r TMS session 
and start to rise again 4wks. After the fifth session of r TMS but to lower percent than before r TMS 


sessions. (74.3%, 0%, 0%, 11.4%) respectively. 


Table (3): Comparison between means scores of impulsivity (at base, after fifth session, 2 wks. 


and 4 wks. after fifth TMS sessions): 






















































































sd At base | After Fifth session | 2 wks. after fifth session Aa Ane eaten ANOVA 
Varia Dle (NESSO SE S NESS) (N = 35) p-value 
M e a n|/7 3 6/6 0 2/5 7 3 6 6 1 
Means scores < 0.001* 
£ S D|4 6 5 | 6 3 56 6 4 3 9 9 
Mild to moderate | N = 9|N = 3 4]/N = 3 5|N=31 
< 0.001* 
r % % 25.7% |97.1% 100 %@\ gg 6% 
veriY/Severe|N=26|N = 1N = O|N = 4 
< 0.001* 
% 74.3% | 2 9 % | 0 % 11.4% 
Table no. (3) Shows: Highly statistical and impulsivity where the percentage 
significant difference (p-value < 0.001) was (60%, 74.3%, and 74.3%) and this 
between means scores (at base, after fifth was in agreement with study of Abd 
session, 2wks. After fifth session and 4 wks. Alrazik et al. @? and Osama et al. °” 
After fifth session). Percentage of severe cases where most of children were suffering 
was dramatically decreased immediately and 2 from severe symptoms. 
wks. After r TMS session and start to rise again > There was a statistically significant 


4wks. After the fifth session of r TMS but to 
lower percent than before r TMS sessions 
(74.3%, 2.9%, 05, 11.4%) respectively. 


Discussion 
In this study we found that: 
> According to Conner’s teacher-28 
parent-48 rating scales, most of 
children in the sample was suffering 
from severe in attention, hyperactivity 
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difference (p-value<0.001) between 
means scores of inattention before the 
sessions, after the last session, 2weeks 
and 4weeks after the last session. The 
means scores of inattention were (73, 
58.63, 57.95, and 65.11) respectively 
and although it start to rise again 4 
weeks after the last session, it didn’t 
reach its pre sessions value. As regard 
severity, the percentage of severe cases 
was dramatically decreased 


immediately and 2 weeks after sessions 
and start to rise again after 4 weeks 
from the last session but to lower 
percent than before sessions(60%, 
5.7%, 8.6% and 22.9%) respectively 
and this was in agreement with the 
study of Abd Alrazik et. al. P , 
Osama et. al. °” where there was a 
Statistically significant difference (p- 
value=0.000) between means scores of 
inattention before the sessions, after the 
last session, 2weeks and 4weeks after 
the last session on SNAP 4 Teacher 
Parent rating scale. the percentage of 
severe cases was dramatically 
decreased immediately and 2 weeks 
after sessions and start to rise again 
after 4 weeks from the last session but 
to lower percent than before 
sessions(70%, 50%, 0% and 20%) 
respectively. And the study of Gómez 
et al. °” where there was a promising 
improvement in inattention. 

There was a Statistically significant 
difference (p-value<0.001) between 
means scores of hyperactivity before 
the sessions, after the last session, 
2weeks and 4weeks after the last 
session. The means scores of 
inattention were (72.29, 55.69, 52.86, 
and 63.40) respectively and although it 
start to rise again 4 weeks after the last 
session, it didn’t reach its pre sessions 
value. As regard severity, the 
percentage of severe cases was 
dramatically decreased immediately 
and 2 weeks after sessions and start to 
rise again after 4 weeks from the last 
session but to lower percent than before 
sessions(74.3%, 0%, 0% and 11.4%) 
respectively and this was in agreement 
with the study of Abd Alrazik et. al. 
21) Osama et. al. °” where there was a 
Statistically significant difference (p- 
value=0.000) between means scores of 
inattention before the sessions, after the 
last session, 2weeks and 4weeks after 
the last session on SNAP 4 Teacher 
Parent rating scale. the percentage of 
severe cases was dramatically 
decreased immediately and 2 weeks 
after sessions and start to rise again 
after 4 weeks from the last session but 
to lower percent than before 
sessions(100%, 0%, 0% and 40%) 
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respectively. And the study of Gómez 
et al. °) where there was a promising 
improvement in hyperactivity. 

There was a statistically significant 
difference (p-value<0.001) between 
means scores of impulsivity before the 
sessions, after the last session, 2weeks 
and 4weeks after the last session. The 
means scores of inattention were (73.6, 
60.2, 57.3, and 66.1) respectively and 
although it start to rise again 4 weeks 
after the last session, it didn’t reach its 
pre sessions value. As regard severity, 
the percentage of severe cases was 
dramatically decreased immediately 
and 2 weeks after sessions and start to 
rise again after 4 weeks from the last 
session but to lower percent than before 
sessions (74.3%, 2.9%, 80% and 
11.4%) respectively and this was in 
agreement with the study of Gómez et 
al. °) where there was a promising 
improvement in impulsivity. But not 
in agreement with the study of Abd 
Alrazik et al. C}, Osama et al. ©? 
where there was no improvement in the 
impulsivity as they used different scale 
(SNAP 4 Teacher Parent rating scale) 
for assessment of inattention, 
hyperactivity and classroom 
impairment only. 

All previous results weren’t in 
agreement with the study of Kwon et 
al. and the study of Le et al. ©® 
where low frequency r TMS sessions 
with intensity of 100/110 of motor 
threshold applied over the 
supplementary motor area on children 
with ADHD and Tourette syndrome 
didn’t improve ADHD symptoms. And 
this can be explained by the difference 
in samples as the children were 
suffering from ADHD plus Tourette 
syndrome and the difference in the used 
r TMS protocol as regard the intensity 
and area of stimulation. 

None of the children in the sample 
experienced significant side effects 
during the study except for three 
children who were reported to have 
mild headache that improved within an 
hour spontaneously without any 
treatment. 


Conclusion 


sessions 
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This study concluded that repeated 
of r TMS over left dorso-lateral 


prefrontal cortex may be safe and an effective 
way of providing relatively lasting relief of 
ADHD symptoms especially in children with 
severe symptoms. 
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